alking is associated with a lower overall mortality rate in older physically capable men 1 and with the prevention of coronary heart disease in women, 2 but it is not known whether walking is beneficial for ventricular function. Moreover, the specific effect of walking (ie, low-intensity activity) on the remodeling process in patients who have had a myocardial infarction (MI) and who have undergone successful coronary angioplasty has not been fully elucidated.
ter and walk for more than 30 min every day. 3 We did not specify an exact walking speed, but advised participants to walk at a moderate speed that did not feel too easy or leave them feeling exhausted after the walk. Patients in group C were given educational support without a formal exercise program, including walking more than 30 min, and they were encouraged to continue their usual lifestyle and avoid strenuous physical activity. We asked all patients in both groups to record the number of daily steps on the walking calendars that we provided.
Exercise Stress Echocardiography
The bicycle ergometric test was performed in the left supine position with an angle of 15°. The protocol began with a workload of 25 W, with a 25 W increase every 2 min. A 12-lead ECG was monitored continuously, and recorded on paper from all leads every minute. Sphygmomanometric blood pressure and heart rate were measured every 2 min. The maximum exercise stress time was measured in each study. Each patient underwent a complete B-mode echocardiographic study during the stress test, with adequate visualization of the apical cardiac chambers and ventricular walls, using a commercially available LOGIQ500MR (GE Yokogawa Medical Systems, Tokyo). Echocardiographic images were recorded with a 2.5-or 3.0-MHz probe on 1.25-cm S-VHS videotape. Left ventricular (LV) function and wall motion were assessed using a Freeland System (Tomtec Imaging System, Boulder, CO, USA). The LV end-diastolic volume index (EDVI: ml/m 2 ) and end-systolic volume index (ESVI: ml/m 2 ) were determined, and the LVEF was calculated by the centerline method. These parameters were measured at rest and 4 min after the start of stress testing. All measurements were derived in blinded fashion by a single experienced operator, from 3 consecutive cardiac cycles, and mean values were considered for analysis.
Statistical Analysis
Baseline characteristics of the 2 groups were compared Average number of daily steps after the study period was significantly greater in group W than that of group C (p<0.01).
using the unpaired t-test for discrete variables. All data were analyzed by comparing the initial value (at the beginning) with that at the end of the study. StatView (Abacus concept, Calabosus, CA, USA) was used to perform ANOVA procedures comparing the initial value with that at the end of assessment within a group. Differences were considered significant at p<0.05. Results are expressed as mean values ± SD. Pearson's product moment correlation and regression analysis were used for assessment of the relationship between the mean number of daily steps and the change of LVEF from at rest to during exercise [(LVEF during exercise) -(LVEF at rest)] in all study patients.
Results
One patient, diagnosed as having prostate cancer during the study period, was withdrawn, so 29 patients (57±11 years, 26 male, 3 female) completed the study (ie, they were evaluated at both the beginning and end of the study); there were 14 in group W and 15 in group C.
The baseline clinical characteristics of the 29 patients who completed the study are shown in Table 1 . The initial data were similar for age, heart rate (HR), systolic blood pressure (SBP), rate -pressure product, peak creatine kinase, EDVI, ESVI and LVEF. Medications taken during study period are shown in Table 2 ; 19 patients discontinued angiotensin-converting enzyme inhibitors because of side effects (ie, dry cough etc) There were no cases of reinfarction, heart failure, sudden cardiac death or angina during the study period.
The average number of daily steps in group W was significantly greater than that in group C (group W: 8,225± 1,374 vs group C: 4,412±3,193, p<0.01; Fig 1) .
Hemodynamic variables at rest are shown in Table 3 . After 3 months, the HR was significantly decreased compared with that at the beginning in group W, whereas there was no difference between the beginning and end evaluations of HR in group C. After 3 months, SBP was significantly increased compared with that at the beginning in group C, while SBP at the beginning was similar to that at the end of evaluation in group W. The rate-pressure product at the end of the study was significantly decreased compared with that at the beginning in group W, whereas it was significantly increased in group C. At the end of evaluation at rest, both groups showed no change in EDVI, ESVI and LVEF compared with the respective values at the beginning. At the beginning, the maximum exercise stress time was similar in both groups, but by the end of the evaluation, it was significantly increased in group W and remained unchanged in group C.
The hemodynamics at rest and during exercise are shown in Table 4 . At the beginning, comparing the values at rest with those recorded during exercise, EDVI, ESVI and LVEF were unchanged in each group except for EDVI, which was significantly decreased during exercise in group C. At the end of the evaluation, again comparing the values at rest with those during exercise, EDVI was significantly increased, ESVI was unchanged and LVEF was significant- ly increased in group W, whereas none of these parameters changed in group C. A strong correlation was found between the mean number of daily steps and the change in LVEF from at rest to during exercise at the end of evaluation (r=0.74, p<0.0001, y=-5.135+0.001x, R2=0.546; Fig 2) . Walking more than 8,000 steps daily increased the LVEF from at rest to during exercise (Fig 2) . We did not observe new or exercise-induced wall motion abnormalities during exercise either at the beginning or the end of the evaluation in any study patients. Ischemic ST-T changes or exercise-induced arrhythmia were not recorded on the ECG, and chest symptoms were absent during exercise stress-testing at both the beginning and end of the evaluation in the 2 groups.
Discussion
Physical training promotes exercise tolerance and improves cardiac perfusion in patients who have had a MI. 4 Epidemiologically, physical activity is associated with a decrease in the risk of coronary heart disease, 5 but the effect of physical training on LV dysfunction in the early phase of the recovery process following AMI has not been sufficiently investigated, especially in patients who have undergone successful coronary angioplasty. In fact, there have been conflicting reports 7, 10 of the effects of exercise training on ventricular function or remodeling after MI and it has been unclear about the involvement of coronary angioplasty or residual ischemia. Although most studies suggest that exercise training improves work capacity, Cobb et al demonstrated that improved exercise performance was not accompanied by improved ventricular function at rest or exercise in 11 patients. 6 Those patients may have had residual ischemia in the myocardium, because they experienced chest pain or ST-T segment changes consistent with myocardial ischemia during the bicycle exercise. Jugdutt et al reported that exercise-training might be injurious in patients with an extensive transmural infarct that has not healed completely and low level exercise training did not have an adverse effect on LV function and topography. 7 However, they did not state whether the patients had undergone coronary angioplasty. In contrast, Giannuzzi et al reported that training did not appear to have any effect on the remodeling process, and actually lessened LV dilatation and regional dysfunction. 8, 9 Dubach et al 10 showed that high-intensity residential cardiac rehabilitation had no deleterious effects on LV volume, function or wall thickness, regardless of infarct area, in patients with MI. Those patients had 1-to 3-vessel coronary artery disease or a lesion in the left main coronary artery and had undergone PCI or bypass surgery.
It is noteworthy that the study by Jugdutt et al differs from that of Dubach et al in 2 respects; that is, whether coronary angioplasty was performed, and whether the patients were free of residual ischemia in the non-infarct zones of the ventricles. If patients with MI have residual stenosis of the infarct-related artery, exercise-induced ischemia may be harmful to the incompletely healed infarcted zone and to the non-infarcted zone with regard to ventricular function or remodeling. If exercise-induced ischemia of the non-infarcted myocardium endures, we could not expect an improvement of ventricular function during exercise. Indeed, previous reports about ventricular function at rest and during exercise have shown that in patients with coronary artery disease, the LVEF decreases or does not change, and regional wall motion abnormalities appear during exercise. 11, 12 It is possible that such patients have residual stenosis in the infarct-related arteries and that exercise-induced ischemia is still present. In contrast, the most common response to exercise in normal volunteers is an increased LVEF. 13 Our results indicate that walking is associated with substantial amelioration of LV dysfunction during exercise in patients who have undergone successful coronary angioplasty for AMI. It is possible that the slightly increased EDVI during exercise in group W permitted greater stroke output to be achieved during walking, by virtue of the Starling effect. Increasing ventricular volume during exercise may not be LV diastolic dysfunction, because the EDVI at rest was not different after training. These findings suggest an improvement in LV diastolic function during exercise.
The role of exercise training in the prevention of ventricular remodeling has not been clearly documented in patients with MI who have undergone coronary angioplasty. Ventricular remodeling may initially serve as an adaptive process, but can only partially compensate for muscle loss; eventually, if the infarct is progressing because of residual ischemia, ventricular topographic changes become severe and decompensation occurs. The most important factor affecting ventricular remodeling is considered to be persistent myocardial ischemia. Several studies in humans have supported the concept of opening an infarcted artery (even relatively late) to improve post-infarct survival and LV function; results suggested that infarct vessel patency predicted survival and lower incidence of late LV dilatation. 14, 15 In the present study, all the patients underwent successful coronary angioplasty for the residual stenosis in infarctrelated arteries and there was no exercise-induced ischemia in the non-infarcted myocardium. Because exercise-induced wall motion abnormalities were not observed and the noninfarcted zone exhibited good contraction during exercise with echocardiographic evaluation, exercise stress may have beneficial effects on the non-infarcted myocardium (ie, viable tissue). It is interesting that exercise stress affects the salvaged myocardium after escape from ischemia.
The explanatory mechanisms are probably multifactorial for the positive effect on ventricular function during exercise of the walking program in the present study. An experimental study in a rat model 16 showed that the improvement in myocardial perfusion and oxidative metabolism by exercise training after transient myocardial ischemia might have facilitated functional recovery of dysfunctional, but still viable myocardium. The findings that fatty acid metabolism and the concentration of free fatty acids returned to normal after exercise training, lead a hypothesis that exercise training can positively influence myocardial lipid oxidation. Adachi et al 17 reported that 2 weeks of physical training after coronary artery bypass graft surgery improves ventilatory response to exercise and increases cardiac output during exercise, an effect that they considered to be related closely to the patency of blood vessels. Vasoactive substances, including nitric oxide, regulate vascular tone and exercise training can attenuate nitric oxide and improve -adrenoceptor activity. 17 One of the reasons why the LVEF improved during exercise in the present group W may have been an improvement of oxidative metabolism or neurohumoral factors in the non-infarcted myocardium, including salvaged myocardium after escape from ischemia (central effect), as well as peripheral adaptation.
Study Limitations
In the present study, walking (low intensity activity) was found to improve LV dysfunction because the amount of infarcted myocardium in this study was relatively small (maximum creatine kinase: 1,617±1,732 IU/L). The effects of low intensity activity on extensive myocardial infarction complicated with severe ventricular dysfunction were not demonstrated in this study. Because maximal oxygen uptake capacity (VO2 max) was not measured, we cannot directly evaluate the peripheral effect on ventricular function. In the present study, the HR and rate -pressure products were decreased and blood pressure did not change after training in group W, whereas the blood pressure and rate -pressure products increased and HR did not change after training in group C. These findings suggest that walking induces an increase in stroke volume and may be a result of peripheral adaptations, as well as cardiac adaptation (ie, central effect). Unfortunately, observational studies have a limited capacity to describe the relationship between physical activity and risk of disease, because of difficulties in quantifying highly variable behavioral patterns from self-reported information and individual recall. Although the number of steps was assessed by a self-administered questionnaire, the correlations between physical activity as reported on the questionnaire and as recorded in 4 1-week diaries, or recalled after 1 week, were reasonably high (r=0.62, and r=0.79, respectively). 18 
Conclusion
The prospective data from this study indicate that walking is associated with substantial amelioration of LV dysfunction during exercise in patients with AMI who have undergone successful coronary angioplasty for the residual stenosis in infarct-related arteries. Walking more than 8,000 steps daily is therefore recommended for these patients.
